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SUMMARY

A prismatic float with an angle of dead rise of 10° was subjected
to smooth-water impacts in the Langley impact basin. The investigation
consisted of a series of impacts at fixed angles of trim of 3°, 12°, 20°,
and 30° and at flight-path angles from 2° to 23°,

The data are tebulated and the variations of dimensionless coeffi-
clents with flight-path angle are compared with the theoretical variation.
The experimentel data are used to evaluate theoretical and empirical
means of determining dead-rise function, aspect-ratio factor, and draft
where chine-immersion effects wlll occur. Experimental values of dead-
rise function and aspect-ratio factor are found to be in agreement with

é% - 1, where B 1s angle of dead rise, and with Pabst's aspect-ratio
factor. In the determination of draft where chine~immersion effects
will occur, an empirical value of dead-rise function for water pileup
at an angle of dead rise of 10° and an angle of trim of 3° is obtained.

INTRODUCTION

Theory indicates & sharp increase in the hydrodynamic load as the
dead-rise angle approaches zero; however, there have been few experi-
mental date dvallable for verifying the loads predicted by theory for
angles of dead rise below 20°. In order to obtain some data in the low
dead-rise-angle range, a brief Investigation of the loads in smooth
water for an angle of dead rise of 10C was undertaken at the Langley
impect basin. These data are compared with the theory for non-chine-
immersed hydrodynamlc impact presented in reference 1.

The determination of the actual loads and motions by epplication
of theory involves the use of dead-rise function and aspect-ratio fac-
tors. Evaluations of these factors using experimentael data for dead-
rise angles of 22%9, 30°, and 40° were presented in references 2, 3,
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and 4, respectively. These evaluations indicate that existing theoret-
ical deasd-rise function and aspect-ratio factors, which are partly empir-
ical, are satisfactory for predicting loads for these dead-rise angles.
This paper presents experimental data obtained at a dead-rise angle of 10°
and a comparison with theory. Included in this paper is an evaluation

of the functions of dead rise and.aspect-ratio factor in determining
hydrodynamic load by non~chine-immersed theory. Comparisons with the
chine-immersed branch curves of reference 1 are made and an empirical
value of dead-rise function is computed for accounting for water pileup
in predicting loads where chines are immersed.

SYMBOLS

A hydrodynsmic aspect ratio, tan B
tan T

c wetted semiwidth of cross section
g acceleration due to gravity, 32.2 ft/sec2
ny impact acceleration normal to water surface, g units
t time after contact, sec
W dropping welght, 1b
X velocity.of model parallel to water surface, fps
z draft of model normal to water surface, ft
z velocity of model normal to water surface, fps
[+] angle of dead rise, deg
V4 flight-path angle relative to water surface, deg
o mass density of water, 1.9%8 slugs/cu £t
T trim angle, deg

£(B) dead-rise function for determining loads
h(B) déad-rise function for determining water rise

9(A) aspect-ratio factor
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Subscripts:

ch conditions at instant of chine immersion
o at water contact

s conditions at step

max maximim
Dimensionless variables:

Approach paremeter

k = Bin T cos (T +
AT (1 + 75)

Load-~factor coefficient

1/3
_ niglﬁ 6 sin T cosT
17 5ol 2
o°\" | [£(B)] “p(A) px
Draft coefficient
1/3

W 6 sin T coseT

Cy =2 &{E‘(Bﬂ 2p(a) mr}

Draft coefficient at chine immersion

1/3
ngP(A)pﬂ :l /

Cd,ch = %s,ch ﬁ|_6 n(p) tom

Time coefficient

YN
0, = vig 8 [EE] Paa) ox

Wlﬁ sin T cos®

T

APPARATUS

’

The data were obtained from a series of runs in the Langley jmpact
basin which is described in reference 5.

o ———
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The model tested was a prismatic float having a dead-rise angle
of 10°, a beam of 3.k feet, and a weight of 1,205 pounds. The lines of
the model are shown in figure 1.

The instrumentation used to determine horizontal and vertical dis-
placements and velocities was described in reference 5. Accelerations
in the vertical direction were measured by an electrical accelerometer
of the unbonded strain-gage type baving a natural frequency of approx-
imately 85 cycles per second. The contact and exit of the model were
determined by means of an electrical circuit completed by the water. A
multichannel oscillograph having 0.0l-second timing was used to record
the measurements of each of the instruments.

PRECISION

The instrumentation used in the investigation glves measurements
that are believed to be accurate within the following limits:

Horizontal velocity, fPB « ¢ e e ¢« ¢ o o o o o o ¢ o s s o s o o« F05
Vertical velocity, fPS ¢ « ¢ ¢« ¢ ¢ ¢ ¢ ¢ o ¢ o o o« o s o o o o« +0.,2
Weighb, 1D & v v o 4 o o o o o e o o o s o s o s o o s o o s« *2.0
Acceleration, gundth . « ¢ ¢ ¢ ¢ v i v v i 0 i i e e e e 0. . F0.3
TIME, SEBC « ¢ o ¢« ¢ o o o o ¢ o o o o o s o o o o« o o o o « o « +0.005

Vertical displacement, £ .+ « o o o ¢ « o o o o 2 « o = « « o « £0.02

TEST PROCEDURE

~ The investigation consisted of a series of impacts in smooth water
at fixed angles of trim of 3°, 120, and 30°. The flight-path angle was
varied from 2° to 23° with forward speeds ranging from 25 feet per sec-
ond to 97 feet per second.

The model was attached to the carriasge by a parallel linkage
restraining the model in all directions except vertical. The carriage
was catapulted up to testing speed where the parsllel-linkage action
permitted the model to fall freely in the vertical direction until the
desired vertilcal velocity was acquired. At this polnt in the descent
of the model, a vertical force of 1 g was applied by a compressed-air
1ift engine. In this manner, impacts were made under conditions simua-
lating landings in which the wing 1ift is equal to the weight of the
airplane, This testing procedure is described in more detail in
reference 5.
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RESULTS AND COMPARISONS WITH THEORY

~

The basic data obtained in this investigation are presented in
table I. Included in this table are the initial horizontal velocity
and vertlcal veloclty, the vertlical acceleration and drafts at instants
of mexinmum scceleration and maximum draft, and the times to maxinum
acceleration, to maximum draft, and to rebound. It should be remembered
that an angle of dead rise of 10° is small, and at low angles of dead
rise the hydrodynamic load becomes very sensitive to the dead-rise func-
tion and the aspect-ratio factor. Although the model and testing range
(beam loading, flight-path angles, and trim angle) of this investigation
were similar to those of previous investigations (refs. 1 to %), the
likellhood of chine immersion is much greater because of the low angle
of dead rise. With these points in mind, the data are presented as
dimensionless coefficlents and are compared with non-chine-immersed
theory in the form of plots against the approach paresmeter -k. The
approach parsmeter was Introduced in reference 1 as a single parameter
governing the dimensionless variables of motion and time. The approach
parameter, a function of the trim and initial flight-path angle, is used
to obtaln a single curve for each of the variations of dimensionless
displacements, velocities, and accelerations, regardless of seaplane
properties, attitude, or initial velocity.

The veriation of the load-factor coefficient with approach param-
eter is presented in figure 2. The trend of the experimental points
follows the theoretical variation of the maximum load-factor coefficient
and the load-factor coefficient at the time of maximm draft. The data
obtained at maximum acceleration are in good agreement with theory at high
values of k. However, at low values of & (high flight-path angle),
the datse fall almost 20 percent below the non-chine-immersed curve and
along the chine-immersed branch curves. Since the theory of reference 1
predicts no chine immersion for these conditions, disagreement with
theory 1s Indicated and these runs will be discussed subsequently. The
data obtalned at maximum draft are In good agreement with theory at high
values of &, but scatter ebout the theory at low values of k.

The veriation of the draft coefficient with approach parameter is
shown in figure 3. The trend of the experimental data follows the trend
of the theoretical variation. However, the fact that the experimental
data fall above the theoretical curve indicates greater depths of pene-
tration than those predicted by theory. Although increased depth of
penetration at maximm draft can be expected because of chine immersion
at the lower values of k, the experimental data show greater drafis
throughout the range et both maximum acceleratlon and maximum draft.

The veriation of the time coefficient with approach parameter 1s
shown in figure 4. The experimental data are presented for the instants
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of maximum acceleration, meximm draft, and rebound from the water. The
trend of the experimental data is In good agreement with the theoretical
variation. The fact that the data at low values of k (high flight-
path angle) again fall away from the theoretical curve indicates later
times at each of the instants. These Increased times are in agreement
with the increased draft shown in figure 3.

The ratio of vertical velocity to initial vertical veloecity is
shown in figure 5 plotted against the approach parameter. The upper
curve shows the variation at the instent of maximim acceleration and
the lower curve shows the variation at the instant of rebound. The
experimental data are in reasonable agreement with the theoretical

varistion.

ANALYSIS OF RESULTS

The prediction of hydrodynamic loads is dependent upon theoretical
or empirical means of determining dead-rise function, aspect-ratio fac-
tor, and draft where chine-immersion effects will occur. The experimen-~
tal data obtained in this investigation offer an opportunity to evaluate
these theoretical quantities for conditions where few data have previ-
ously been avallable. In order to evaluate these quantities, the date
are divided into three parts: First, non-chine-immersed data for an
angle of trim of 30 where aspect-ratio factor is of little consequence
are used to determine an experimental dead-rise function; second, the
higher trim non-chine-immersed data where aspect-ratio factor is
appreciable are used to obtaln an experimental value of Q(A); and third,
the chine-immersed data are analyzed and an empirical value of dead-rise
function is computed for the prediction of draft where chine immersion

will occur.

Effect of Dead-Rise Function and Aspect-Ratio

Factor on Hydrodynemic Load

The relationship of hydrodymamic load to dead-rise function and
aspect-ratio factor is shown by the following equation (see ref. 1):

1/5
| = nigfﬁ 6 sin T coseT /
362\* | ECe1)Pta) o

This equation shows that the hydrodynamic load n; veries as the two-

thirds power of the dead-rise function and as the one~third power of
the aspect-ratio factor. With the use of theoretical quantities for

(1)
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£(B) and @(A), hydrodynamic loads can be predicted from this equation.
In order to obtain an understanding of the theoretical quantities used
for f£(B) and ¢(A), consideration is given to their variation as the
dead-rise angle is lowered to 10°.

The quantity widely used as funct}on of dead rise is f(B) = é% -1
2/3
(ref. 6). The variation of (é% - 1) with angle of dead rise is

2
shown in figure 6. The application of (é% - l) /3 in predicting loads

o]
has been experimentally verified for angles of dead rise of 22% to 400
(refs. 1 to 4); however, below 22%9, figure 6 shows large increases in

[}(Bi]e/5 which in turn mean large increases in load as can be seen

from equation (1). Since this curve approaches infinity as zero dead-
rise or flat-plate condition is approached, it becomes unrealistic in
the extremely low dead-rise range and a need for determining the lower
limits for which this quantity can be applied to the determination of
loads is evident. A purpose of this analysis 1s to obtain an experi-
mental value of f(B) for an angle of dead rise of 10° and to compare

this velue with X - 1.
28

An expression for aspect-ratio factor was obtained by Pabst in
reference 7 and is given by the quantity

1/2
¢(A)=L—/l-%§ (2)
1+ L A+ 1
22 A

An spproximation of @(A) was given by Pabst for the V-bottom float as

o) =(1 - ﬁ%) (3)

where it is assumed that the end-flow correction is determined by the
shape of the intersected area in the plane of the water surface. The
variation of the load as influenced by these expressions as the angle

of dead rise is lowered from 40° to 10° is shown in figure T; the dashed
curves show the V-bottom approximation pulling sharply away from the
general expression at low dead-rise angles and high angles of trim.

This figure shows that at an angle of dead rise of 10° the V-bottom
approximation is very poor for trim angles above 12°, It is further
observed from this figure that Pabst's expression for @(A) indicates
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that at a low angle of trim, such as 3°, the ¢(A) factor for deter-
mining load is very close to unity even at an angle of dead rise of 10°.
Therefore, @(A) has 1little influence on hydrodynamic force on a model
at an angle of trim of 3°, and smell errors in the value of @(A) wused
would have negligible effect on determination of loads. From these data,
an experimental value of #£(B) can be obtained from equation (1) by
using the experimentel value of n; and a theoretical value of .CZ
corresponding to the approach parameter k.

Experimental values of [?(B§]2/3 were obtained for the several
non-chine-immersed runs at 5° of trim of this investigation and were

2B
data. This agreement indicates that the function of dead-rise angle in

determining the. hydrodynamic load is closely represented by £(B) = é% -1

2
found to agree with (lﬁ - l) /3 within the accuracy of the experimental

for an angle of dead rise of 100.

After the data where ¢(A) was of little consequence were used and
verification of the dead-rise function éé - 1 at an angle of dead rise

of 10° was established, this value of the dead-rise function was substi-

tuted into equation (1) and experimental values of [@(Aﬂ 1/3 were
obtained for higher angles of trim where the ¢(A) function has a large
effect on the hydrodynamic load. In this manner, the data obtained
from the runs in which the angles of trim were 120, 20°, and 30° where
chines were not immersed were substituted into equation (1) and the

resulting experimental values of E?(Az]l/B are presented in figure 8

where a comparison is made with Pabst's empirical expression. This fig-
ure shows substantlal agreement between the experimental values of ¢@(A)
obtained from this investigation and those obtalned from the empirical
expression derived by Pabst.

Chine Immersion

The runs made in this investigation were runs where the theory of
reference 1 predicted no effect of chine immersion on load; however, the
data above a flight-path angle of 5° indicated an effect of chine immer-
sion on load. The possibility of chine-immersion effect on maximm load
was determined theoretically by solving for the draft coefficient at
the instant of chine immersion (see ref. 1):
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1/3

_ gl— @(A) px
Ca,ch = Cs,ch ﬁl_6 £(5) ton le (4)

Ie Cd ch is greater than the draft coefficient at which the maximum
)

load-factor coefficient occurs (C > 0.65), there will be no effect
d,Ch = )

of chine immersion on maximum load. The effect of chine immersion on
maximum load-factor coefficient 1s shown by the theoretical curves of
reference 1 presented in figure 2. The experimental data for an angle
of trim of 3° are showm to lie below the non-chine-immersed curve.

Although Cd,ch is greater than 0.65 for an angle of dead rise of 10°

and an angle of trim of 3°, the experimentel data show a reduction in
maximm load-factor coefficient corresponding to a value of Cj ., of
J

approximately 0.475. This occurrence of chine immersion indicates that
£(B) =.é% - 1 1is not sufficiently large to account for water pileup
for an angle of dead rise of 10° at an angle of trim of 30.‘ Since

£(B) = é% - 1 does not account for water pileup, equation (4) can be

rewrlitten as

1/3
g_f o(A) px (5)
Wl§ h(g) tan T

Ca,ch = Cs,ch

where h(B) 1s the dead-rise correction for water pileup for the con-
dition with an angle of dead rise of 10° and an angle of trim of 3°.

1
Solving equation (5) for El(ﬂﬂ /3 glves

N 1/3
[h<ﬂﬂ /3 cs.cn §Ep(A) m] ©

B Cd,ch |W|6 tan T

1
and a value of [é(Bi] /3 = 2,74 1is obtained as the empirical value
corresponding to the Cd ch value of 0.475 from the experimental data.
2
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This value indicates a 37~percent increase in the dead-rise correction

1
for water pileup as compared with that predicted by [?(Bi] /3 for an

angle of dead rise of 10° at an angle of trim of 3°. Since h(p) is
2.5 times f(B), equation (5) can be written

1/
o - e gl o(a) pn
d,eh = "8,ch W15 £(p) tan T

for an angle of dead rise of 10° and an angle of trim of 30.

The experimentsl data obtained at angles of trim of 12°, 20°, and
300 consisted of too few runs for water-pileup or chine-immersion analysis.

CONCLUSIONS

An analysis of experimentel data obtained from an investigation of
hydrodynamic impact loads in smooth water for a float having an angle
of dead rise of 10° results in the following conclusions:

1. The expression 2 - 1 sappears to be a fair approximation of
2

the function of dead-rise angle f(B) in the determination of hydrody-
namic load.

2. Experimental values of an aspect-ratio factor @(A) show sub-
stantial agreement with the empirical expression derived by Pabst.

3. In the determination of draft where chine-immersion effects will
occur, an empirical value of h(B) = 2.5 £(B) 1is obtained as a function
of dead-rise angle for water pileup at an angle of trim of 3°.

i, The trend of the experimental vaeriation of load-factor coeffi-
cient, draft coefficient, time coefficient, end velocity ratio are in
good agreement with the theoretical variation.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., October 11, 1955.
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TARLE I
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IMPACT-T.OADS DATA FROM TESTS OF PRISMATIC FLOAT WITH AN ANGLE OF DEAD RISE OF 10°

At contact At (mg) o At Zpay At rebound
Run
io: }-{0’ t, 0y, z, Z, t, ny, Z, t, . 2,
fps | fps sec | gunits| £t | £fps sec | g units | £t sec fps
T = 30
1| 10.5( 41.0| 0.027 T.2 0.26| 8.5[ 0.180 0.3 0.51| 0.630 -1.0
2|10.4| 4o.6| .o24 71 25| 8.5| .18 A .50 .659 -7
3| 10.2] 25.6| .024 6.4 271 8.7 204 .5 67| No exit [No exit
4 110.5f 25.7| .030 6.2 27| 8.6 .208 3 67| Ho exit |No exit
5|10.9] 57.3| .026 8.6 27| 8.6] .110 T Ll 204 1.7
6| 3.6/ 95.5] .058 2.2 A7 1.9 .08 1.6 «20 .210 -2.1
7| ¥.5] 93.5| .056 2.9 20| 2.5| .087 2.0 .21 194 2.3
8| 7.1 91.7| .037 5.5 2hj 5.1 .070 2.6 .29 197 -2.8
9| 6.7 90.9( .ok1 5.0 25| 4.5| .08 2.1 .28 195 -2.6
10| s.2)91.7|] .0o5% 3.0 201 2.5] .075 2.3 23 193 2.
11| 3.4)90.9] .056 2.1 JA6)1.9) .090 1.6 J19 .200 -2.0
12 | 10.6] 5h.7| .029 7.7 271 8.1] 110 .6 Jdih Lo6 -1.5
13 | 10.7| 38.8] .029 T4 251 9.5 .19 .3 54 .69% -1.0
14 | 10.8| 25.3| .028 6.5 30 9.6] .205 RIS .72 | o exit |No exit
T = 120
15| 2.9| 96.2| 0.061 2.6 0.16]1.2| 0.070 2.6 0.16| 0.139 -2,
16 | 4.419.9| .058 by 20| 1.5 .069 L.1 .20 132 ~5.2
17 ] 6.3)9L.3( .049 6.2 2 3.0 061 5.5 26 126 -3.6
T = 200
18| 2.5] 89.3 ] 0.078 2.1 0.12] 0.3 0.08 2.0 0.2 0.1k -2.9
19| 5.1/90.1| .053 5.5 2211.9| .065 5.0 .22 .128 -6.1
20 | 6.5] 79.h | .053 5.9 26 (3.0] .065 5.0 .27 32 ~7.6
T = 30°
21 | 2.3| 95.2]0.080 1.9 0.13 j 0.1 | 0.080 1.9 0.13| 0.133 -2.5
22 | 4.5189.3| .062 5.1 A8 4| 062 5.0 .18 .120 6.4
25| 1.0|94.3| 090 | .8 L0671 L} .090 .5 © .06 156 -1.1
24 | 5.7 8.4 | .056 5.8 25(1.9( .06L 5.8 25 27 -8.5




VS —

OFFSETS OF MODEL
o | ] TN
Heo! | Chine
0 0 571 1 1571 — Legh
£ | g2 ||
g 73 —— )
'-3;8' g_% 20 | 4pe —— China
58 5.9 0 I45
azas | 207 6 358
Jeors | 205 o |
o 4 29 38 47 58 {725 /12075
’/—_\\
\
7’
atum I 55 29 2525~ 25—
12475

Figui'e 1.- Lines of prismatic float with an engle of dead rise of 10°.
(A1l dimensions ere in inches.)
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Flgure 2.- Varlatlon of loed-factor coefficient with approach perameter.
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Draft coefficient, Cd
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T

——— Theoretical, reference 1
Experimental

39 trim

129 trim
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30° trim

>o0o

ln
=

| At maximum acceleration

.1

T T TTI

.01 I I L1 1 1 111tk 1 I I I N
1 1.0 10 100

Approach parameter, &

Figure 3.- Variation of draft coefflcient with approach parameter.
Flagged symbols indicate points gt maximim draft.
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Figure 5.~ Variastion of vertical velocity with approach paremeter.
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Figure 7.- Variation of Pabst's espect-ratio factor with angle of deed rise
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